Introduction 1
Color Fundus Photography (CFP) has been the predominant technology used in the 2 evaluation of retinal health and disease, in optometric practices, clinics and in 3 population screening. This is because it is widely available, easy to capture and 4 comparable to ophthalmoscopy. The practice of using CFP continues to this day with Optometrists have added OCT technology to their practice.(6)(7) Some machines 28 incorporate CFP which is captured at the same time as the OCT while others include 29 infrared with OCT.
30
To date there has been no systematic comparison of the agreement between CFP, 31 with IR and OCT in detecting multiple forms of retinal pathology that may be 32 encountered in a community setting, to know whether IR and OCT could be used 1 without CFP. We exploited the availability of both CFP and IR/OCT image sets from 2 the same participants in an ongoing epidemiological study of aging in order to examine 3 the sensitivity and specificity of the latter in the detection of common retinal 4 pathologies. Biomedical Sciences Ethics Committee, Queen's University Belfast (Ethics number: 10 12/23).
11
Images for this study were taken from the Northern Ireland Cohort for the Longitudinal For the purposes of the present study, a test dataset was constructed using a subset 16 of the overall dataset consisting of pairs of CFP and IR/OCT images which were 17 selected, depending on the presence or absence of specific macular lesions, that we 18 decided were most relevant for referral decisions within a primary care setting. We 19 focused our analysis on those features that occurred at a frequency of around 5% 20 within the overall dataset and therefore did not include macular holes, vitreomacular 21 traction, macular dystrophies, pachychoroid spectrum disease as these were present 22 at too low a frequency in our cohort. We also included a random selection of 100 eyes 23 that had been graded as exhibiting no retinal abnormality. We did not perform a formal 24 sample size calculation but we estimated that a sample of 640 right or left eyes would 25 give us sufficient numbers of eyes with the features of interest at a prevalence of close 26 to 5% or greater.
28
The test data set were allocated to a panel of selected graders (n = 6) who were 29 previously certified for grading images from the NICOLA study. Graders used a 30 7 standardised protocol to determine whether the lesions of interest were present, 1 absent or if the image was ungradable. The images from the different imaging 2 modalities were presented to the graders in sequential fashion. At the first point in time 3 only CFP were released for grading. On completion of grading of all CFP images, the 4 next test technology was released for grading after an interval of one week. The same 5 pattern was followed for the release of IR plus OCT. The graders were blinded to the 6 results from the previously tested image modalities. At each grading wave the images 7 were assigned randomly to each of the 6 graders thus minimising any risk of bias. CFP 8 were viewed on Oculab (V3.7.98.0) and the IR and IR plus OCT Images were viewed 9 using the Heidelberg Eye Explorer (version 1.7.1.0). All grading was conducted with 10 screen settings standardised to the highest available resolution (1920 x 1080). 
Results

13
A total of 640 images sets were available for analysis. Of the image sets available Table 2 shows the frequency of the features of interest which were detected on CFP 17 but which lay outside the field of view on IR and IR/OCT images. It also shows the 18 frequencies of features that where seen on both IR and IR/OCT which lay within the 19 field of view. A small proportion of eyes with early AMD features of hard soft and RPD 20 were found on CFP but lay outside the field of view of IR and IR/OCT. Around one 21 third of naevi that were seen on CFP were located outside the field covered by IR and 22 IR/OCT. 23 Table 3 shows the frequency of the different features by test technology after exclusion 24 of those that lay outside the field of view. Hard drusen were more frequently observed 25 in IR/OCT (62.7%) and IR (61.4%) when compared to CFP where the detection rate 26 was 52.6%. Soft drusen were detected with similar frequency in CFP (12.2%), IR 27 (10.7%) and IR/OCT (11.0%). RPD were present at low frequency in the sample (4.0% 28 of CFP, 3.6% of IR and 3.9% of IR/OCT images). GA was observed in 3.5% of CFP, 29 9 3.3% of IR and 4.5% on IR/OCT. CNV was detected in 0.8% of CFP and IR and 1 0.9%on IR/OCT.
2
Naevi were present at a higher frequency in CFP (10.7%), than that of IR (6.3%) and 3 IR/OCT (6.1%). ERMs were most frequently graded as present in IR/OCT (17.7%).
4
By contrast they were found in 6.1% in CFP and 10.8% of IR images. The detection 5 rate of haemorrhages was 14.9% on CFP, 14.2% and 14.1% on IR and IR/OCT 6 respectively.
7
With CFP as the reference standard ( Using IR alone as the reference standard (Table 6 ) findings were similar to that 21 observed when the combined IR and OCT images were used as the comparator.
22 Figure 3 shows a case where hard and soft drusen were seen on IR but not detected 23 on OCT. grading. In terms of optometric practices opticians may require specialised training in 20 order to confidently grade these images.
21
When compared against CFP, both IR and IR combined with OCT showed low 22 specificity for hard drusen with values around 70% suggesting a high rate of false 23 positives. However, on switching to IR/OCT as the reference technology, sensitivity 24 values for CFP fell for hard drusen suggesting that the latter yields a higher rate of 25 false negatives. OCT permits detailed scrutiny of the cross sectional profiles of the 26 outer retina and the presence of an intact smooth retinal pigment epithelium layer 27 without imperfections can be declared free of even small drusen. Thus it is possible 28 that the higher frequency of false negatives for small drusen that were observed on 29 CFP when IR/OCT was the reference standard may have arisen due to over 30 interpretation of minor imperfections seen on the en face imaging modalities. We also noted that the quality of the acquired images was higher with IR/OCT and IR 19 compared to CFP (Table 3) . Notably the percentages of ungradable images were least 20 with IR/OCT and IR (0.3%) compared to CFP (3.1%). An explanation for this may be 21 due to the confocality reducing the negative impact of cataract and scatter on the 22 image quality when compared to CFP. A number of IR and IR/OCT images failed to 23 detect some of the retinal features of interest owing to the smaller field of view 24 compared to that of CFP. Pathology that lay outside the region that was visualised on 25 IR alone and IR/OCT was missed in 56 of 640 (8.8%) of eyes. Nevertheless, with 26 technological improvements that yield larger fields of view with the current generation 27 of tomographic acquisition systems this limitation should be overcome.
28
A potential limitation of our study is that the images were pre-selected to contain a 29 sufficient number of retinal features for analysis contrary to STARD recommendations 30 for reporting diagnostic accuracy of tests(30) increasing the risk that the test 31 performance statistics may vary when employed in different population subgroups.
32
However, as this study drew its sample from the NICOLA population which enrolled 1 participants older than 50 years of age, we believe that the features of interest are 2 unlikely to differ markedly from any other older population group. We analysed the 3 most popular features found in the NICOLA population thus features that occurred 4 infrequently were not included e.g. macular hole and vitreomacular traction. A 5 systematic comparison using images from a clinical population such as an eye 6 casualty cohort would be useful in future for such lesions. Another potential limitation 7 is that the numbers of eyes with CNV present was very low (n=6), thus yielding low 8 sensitivity values. A larger sample is needed to investigate the value of IR and OCT in 9 its detection.
10
In conclusion, the lower rate of ungradable images, the rapidity of image acquisition, 11 the ability to identify outer retinal aging and pathological features with high precision 12 support a transition to newer technologies as screening tools for macular disease. 
